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ABSTRACT 



Tne primary objective of this study was to provide 
a contribution to the phenomenon "Suppression" as an 
aspect within the military environment. 

Analytical models explaining these aspects were 
developed in order to identify the influences to 
suppression. Techniques are examined for including the 
suppressive effects of weapon systems in Lanchester 
type combat models, which may be useful in wargame 
evaluations of military judgements, and in force level 
planning. The study also provides techniques to 
analyze and fit experimental data to the analytical 
models . 

The data to verify the models were obtained from 
related experiments performed by Combat Development 
Experimentation Command (CDEC) , Fort Ord, California. 

The result for the modelling approach to 
suppression indicates source dependences on 
quantitative as well as on qualitative features. 

The functions are left quite general, although 
some functional forms are derived and discussed. 
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I 



FORMULATION OF THE PROBLEM 



A. INTRODUCTION 

V 

In recent years considerations of Human Factors aspects 
in the military has gained more and more importance. The 
study of psychological, physiological, and environmental 
conditions and their influences on the performance of men in 
"Man-Machine-Systems" supports the development of new 
doctrines, design of weapon systems as well as training 
programs for troops. 

One phenomenon in military man-machine-syst eras is 
suppression. Modelling this phenomenon has only recently 
been given much attention. 

This is partly because modellers did not understand 
exactly neither the causes of suppression nor how it affects 
the course of combats. 

There is an intuitive feeling that when a soldier or a 
combat unit is being fired upon, it will be less effective 
than when it is not receiving fire. This is generally 
referred to as suppression, but it can include much more. In 
the broadest sense, suppression can effect individuals, 
units, cr weapon systems in different types cf combat. 

This paper will limit itself to individuals or small 
infantry units. 
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In order to be anle to build up functional relationships 
based on the suppression idea 7 between different categories 
of people and time, this paper will first examine different 
rates as input to analytical Lanchester-type-models . The 
rates will be based on stochastic aspects. The modelling is 
done under different viewpoints; their results will be 
compared and discussed. 

In the second part of the thesis, the parameters cf the 
models will te tested in a regression analysis against real 
world data which ware placed at the writers' disposal oy 
CDEC. 
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B. BACKGROUND 



The strains imposed on individuals in our society are 
constantly increasing. Modern technologies and constant 
efforts for improvements of standards of living lead zo 
growing difficulties in adjustments or sometimes to complete 
failures to adjust. These facts create stress and we may 
observe that the degree of stress increases with the 
difficulty of the adjustment-problem. 



The term stress will be used as a substitute 
might be called otherwise as anxiety, conflict, 
distress, extreme environmental conditions, eg 
frustration, threat to security, tension or 
arousal. Stress can be thought of as the result o 
any environmental interference [ Appley , p. 2 ]. 
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Fear and anxiety in battle is common, being experienced 
by between 80 and 90 % of combatants. Pains in the stomach, 
fatigue, dizziness, perspiration, and enhanced heart-beat 
are some vegetative correlates to fear and anxiety. Of 
course the moment when the individual soldier reaches his 
breaking point varies and depends cn individual 
psychological and physiological resistance and the severity 
of the battle. 



One interesting observation from Agrell was that 
auditory sensations convey the stress of battle most 
strongly and most directly. The psychological effect of 

weapons is directly related tc their sound level and the 

frequency with which the sound occurs [ Agrell ,p. 215 ]. 

Each enemy grenade causes the soldier to react 
constantly with fear. Stress and fear can have a 
significant sensory operating characteristic, e. g. the 

detection threshold and/or sensitivity may decrease as a 
result of stress [Weltmann, G, Christianson, R.A. and 

Egstrom, G.H., p. 423-430], 



C. MILITARY. SUPPRESSION IN COMBAT -ENVIRONMENT 
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When weapons are used in combat, there are two types of 
effects that they have. The first type of effect is physical 
damage or injury to the target and the second type of effect 
is psychological. 

This second effect of a weapon has led to the term or 
concept "Combat Suppression". There exist a general belief 
that fire suppression is important, but the importance of 
suppression effect on combat outcomes as compared to the 
effect cf other areas such as firepower, mobility, 
intelligence, command/control has not been quantified 
adequately. 



1 . Definitions 



Suppression can be generally defined as 
the temporary degradation in the quality 
of performance of an individual scldier 
or unit by an internal or external 
stimulus. 



CDEC , 1977 



A more useful operational definition in terms of 
performance capability changes is provided by the "Report of 
the Army Scientific Advisory panel Ad Hoc Group on Fire 
Suppression" . 



Fire suppression is a process which 
causes temporary changes in performance 
capabilities of the sutpressee 
(suppressed system) from those expected 
when functioning in an environment he 
knows to oe passive. These changes are 
caused oy signals from delivered fire or 
the tnreat of delivered fire, and they 
result from behaviors tnat are intended 
to lessen risk to the suppressee. 



Ad Hoc Group, 1976 

This definition emphasizes that suppression is not a 
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single effect which can be measured totally on a single 
guaatitive scale. Suppression effects are multidimensional 
and the "amount of suppression" varies among these 
dimensions (e.g. fire impact points, soldier's 
characterist s , and reaction to the fire, his combat 
experience etc. ) . 

Suppressive fire in a combat environment can suppress a 
number of combat activities; for example; firing, search for 
and observation of targets, movements of units or command 
and control. 



2. Structure Of Fire Suppression Process 



lire suppression is a complicated process involving 
many physical, environmental, physiological, behavioral, and 
operational variables. The important point to emphasize is 
that the behavior involved is in response tc stimuli that 
originate both externally (combat environment) and 
internally (personal background, training and experience) to 
the soldier suppresses. These aspects, however, are not 
included in this paper. 

The intensity and duration of suppression can not be 
predicted from a knowledge of the combat environment alone. 
It requires an analysis of the underlying motivational and 
cultural factors and of the context of the combat 
environment . 



The Fig 1 [Ad Hoc Group, p. 36 ] shows a 
description of a process when suppressive fire is 
and its affect on the combat result. 



schematic 

delivered 
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Figure 1 - 



SCHEMATIC 



STRUCTURE 

PROCESS 



OF THE FIRE SUPPRESSION 
(Ad Hoc Group, p. 56) 
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Ihe process is discribed by individual functions. 



a. Signal Process 

Ihe first process in fire suppression is the generation of 
signals provided by suppressing weapons. 

Inputs to this process are the 

characteristics of the weapon systems (caliber, 
amount of porpellant, warheadtypes etc) and 

the environmental characteristics (trajectory, 
platform, arrival points etc). 



Characteristics of the weapon systems can vary in order to 
increase or decrease suppressive effects. 

Some parameters that are considered to be important to 
suppression signals are: 

Muzzle velocity (an increase in muzzle velocity is 
associated with an increase in signal variables); 

Caliber (as caliber increases, the firing signals 
and projectile signals increase along with 
lethality) ; 

Projectile weight ( penetration depends on weight 
and velocity at impact and increases shock coupling 
to ground) ; 

Warhead charge weight ( the explosive charge weight 
determines the energy in the pressure pulse) ; 

Additional parameters like fire frequency and 
proximity of shots could also be mentioned. 

Environmental characteristics are also variables but they 
can not be determined completely. 

Environment has an influence on the signal 
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generation -and transmission-process. For example, auditory 
signals that result from the impact of projectiles depend 
heavily on the nature cf the object or material impacted. 

A soft yielding material such as dusty ground or 
sand receiving the impact of a projectile will produce a 

different pulse and sound than will hard unyielding ground 

✓ 

under the sane impact. 

Sound signals can be attenuated by the shadowing 
effect of large obstacles or may be increased by echo or 
reverberation. Visual signals are strongly modified by the 
condition of lighting. Haze, fog, rain, and snow act 
similarly to smoke and dust. The visual field is also 
reduced and interrupted by terrain and other obstacles. 

The environment modifies the produced stimuli 
when they are transmitted to the location of the suppressee. 
Outputs of this process are the attenuated sensory signals 
that become imputs to the huian sensory receptors. 



b. Human Process 

ilany of the determinants of the soldier's performance on 
the battle field are unkown or at least uncertain - thought 
of as influenced ny chance factors. This emphasizes the 
difficulties of predicting human behavior in a combat 
environment. Tne human process (sensory and perception) 
converts the received signals into a perception of the risk. 

Eattle field stimuli effecting the individual are 
detected and converted into sensory data by a process such 
as vision and audition, so the sensory process suggests that 
the weapon systems stimuli relevant to suppression are the 
-loudness, and 
-visual impact. 

There exist moderating factors that influence 
the operating char acterist cs of the sensory process and that 
determines which stimuli are effective. 
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modifiers 



Sensory modifiers (i.e. earplugs, 
night-vision-devices) serve to change .users' sensitivity 
range. A major effect of these devices is to change the 
salience of stimuli. 

High concentration on an activity or a high 
level of effort on an activity (e.g. missile-gunner is 
tracking a target or reloading his system) may increase the 
absolute threshold. 

The posture of a soldier (standing or sitting) 
and the sequence of posture (observing, ducking, observing) 
influences the sensory capabilities (e.g. observing for 10 
seconds continuously is not equivalent to observing 5 
seconds , ducking 10 seconds and observing 5 seconds). 

The perception process integrates sensory and 
other information into a perception of the risk. Risk refers 
to the uncertainty of damage, injury, or loss. It 
characterizes decision situations in which the consequences 
of choosing an action are uncertain. 

If there is no uncertainty in the possible 
outcome, there is no risk. 

Perceived risk is a function of uncertainty and 
the subjective value the individual associates with each 
outcome . 



Perceived risk represents the output of the 
combined "sensory and perception process. It depends cn the 
individual's experience and training in assessing risk from 
sensory information. Also cover provided by the environment 
and the individual's pcsture may influence risk perception. 



c. Reaction Process 

Given the input perception of risk, this process causes 
physical and mental reactions, which depend on the 
-current mission 
-task 
-activity 
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-combat training doctrine and experience 

-group dynamics and 

-the quality of leadership. 

It is conjectured that two individuals who perceive the same 
degree of high risk , but who have different amounts of 
combat engagement experience, might be likely to react 
differently tc the risks. ' 

The soldier's reaction is also influenced ty his 
current state. A soldier who has recently ducked may be more 
likely to duck than one who has not , given the same 
delivered fire. 

Prior reaction or sequence of reactions may be a 
good predictor of the coming reaction. 

d. Performance Effects Process 

Given the reactions of the human behavior process, it is 
conjectured that these directly affect the performance of 
certain activities of the succressee in a" calculable way. 

If for example the suppressee takes cover, he 
may fire less often and less accurately and also might be 
less vulnerable. The magnitude and duration of these changes 
in performance are dependent on the characteristics of the 
system employed by the suppressee and the target of his 
activity . 

So the nature and duration cf change in 

performance capabilities is determined by the performance 
effects process. 

3 . Suppression Ip Field E xp erim entations 

A fire suppression research program requires 
significant experimentation on behavioral attitudes and 

| 

reactions tc risk. This necessity causes tremendous 
difficulties in trying to induce actual behavior in soldiers 
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in field experiments . Former studies shewed, that the 
soldiers felt true psychological stress only in situations 
in which they believed that they were in real danger. Such 
situations are difficult to contrive and to control. Social 
and ethical limits and legal regulations preclude the 
introduction of actual physical risk. Soldiers must be 
taught the "rules and risk" defined in that context'. The 
success of playing the role, being an individual 
participating in a combat engagement, depends on the 
soldiers' motivation and willingness. 

Because of these reasons and the multidimensional 
shape of the fire suppression process as mentioned earlier, 
suppression in field experimentations may be restricted only 
to some variables involved in this process. 



B. APPROPRIATE OBJECTIVES 

The overall objective of a fire suppression research 
should be to relate changes in performance capabilities 
caused by fire suppression [Ad Hoc Grcup, p. 110]. 
Responding more directly the following objectives may be 
determined: 

Indicating the effects of suppression on combat 
results, i. e. to develop rates cf suppression. 
These values may be compared to other effected areas 
and probably employed in computer simulations. These 
numbers represent two kinds of variables: Weapon 
system variables and human suppression performance, 
given operational and environmental conditions. 

Determining characteristics cf suppressive fire 
systems, characteristics which should be assigned to 
such a weapon system. Results are developed 
experimentally . Chapter III B. will display some 
evaluated parameters and constants for the developed 
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model, which may also represent the suppressive 
characteristics of the used weapon systems. 



Reducing suppressive effects. Ways to reduce the 
effect of suppressive fire may also be considered as 
an appropriate objective of suppression research. 
Special training or equipment can be assigned to tae 
soldiers or new tactics can be developed. This 
objective is beyond of the research of this paper. 



E. POSSIBLE ALTERNATIVES 
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II. CONSTRUCTION OF AN ANALYTICAL MODEL 



A. 



ASSUMPTIONS AND SIMPLIFICATIONS 



Based on the foregoing discussion, the following model 
is a detailed model ( Iaylor , 1978, p . 12 ] which starts cut by 
considering the behavior aspect of a human being under the 
influence of artillery fire power. It is assumed that such 
simple models, which represent a small part of a total 
scenario, can be used profitably to investigate system 
dynamics of sore complex models. The value of the mcdel 
derives from the fact that it forms intuitively plausible 
and transparent subsets in a large composition of other 
subsets which determine the basic structure of the complex 
operational model. In other words, the whole is described 
in terms of the sum of its parts. 

The basic concern of the analytical model developed here 
will be to model the behavior of an individual experiencing 
artillery fire, considered as a function of time, where that 
behavior depends upon ammunition types and location of 
detonating rounds. 

On the basis of particular assumptions and 
simplif icaticns it will be possible to apply the results 
obtained to a group of people (a force) cn a battelfield. 
The result of these considerations will provide a 
relationship between time and tne actual number of people 
affected by the fire power of the artillery . This last step 
of the model is carried out by using Lanchester type 
equations, so called after the pioneering wcrk of F . W. 
Lanchester. Finally, the models enable one to estimate the 
total firepower of the force at any point in time; depletion 



19 



of total firepower 
suppression. 



is 



caused by attrition and by 



E. RATES FOE THE MODEL 

1 • Rates Of S u ppres sion 

The basic considerations in the preceeding paragraph 

j 

support the assumptions, that the behavior of a suppresses 
can be expressed by a conditional probability of suppression 
as a function of miss distance r and aspect angle 9 . This 
function is represented by the family of surfaces of the 
form : 

P(S/9,r) = exp[- ^ r^(l - e cos 9)] (2.1) 

fj 

where P(S/9,r) is the conditional probability of suppression 
given that a particular round impacts under a certain aspecr 
angle 9 and a certain miss distance r away frcra the foxhole. 

The line along the angle 9=0° is identical with the 
line of sight. It is the main direction of observation. 

lhe constant K and £ are parameters, which are 
determined by the experiment itself and by the environmental 
conditions. 

They can be influenced by factors as discussed in 
chapter I which may be recalled here briefly. 

-type of ammunition 
-freguency of arrival of rounds 
-perceptual damage 

-total time spent in the foxnole (learning process) 
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-noise appearance or the rounds 
-flash light intensity of the rounds 
- perf orman ce 

-personal factors like age, personal condition, etc. 
-degree of stress 
-mo tivat ion 

The computational evaluation of the constant K and e will be 
performed in chapter III B. and C. In particular it will be 
important to determine K as it varies with different types 
cf ammuniti cn. 

The mathematical conditions for the two parameters K and z 
are : 

0 < £ < 1 
K > 0 

If 9 is held fixed ,O°<0<36O 4 , and ?(S/9,r) varies 
between 0<P(S/$,r)<1 we obtain a family of functions, which 
is rvo-dimensioral and shows an exponential relationship 
between F(S/9,r) and r. 

This is illustrated in the following figure, where 
rhe angle 9 is held fixed at C'and 180*. The parameters K and 
e are assumed as being 1500 and 0.7 respectively. 
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r/m = distance/meter 




l 2 

Figure 2 - FUNCTION P(S/0 Q ,r) = exp [- - r (1 - e cos 



0 )] 
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If cn the other hand P(S/'0,r) is fixed, 
0<P {S/0, r) < 1 , and the equation is solved for r, we will 
obtain an "egg-s haped" function with iso-levels of 
probability of suppression P(S/0,r). The foxhole is located 
in the middle of the coordinate system. Along 9 =0°, the range 
r is a max for a certain fixed probaoility cf suppression , 
while at 0=180°, r is a min for the same probability. 

The function takes the form: 



2 -K £n P (S/0 ,r) 

r = — — 

1 - £ COS 9 



( 2 . 2 ) 



The following graph shows the family of functions for 4 
representative selective or otabilities of suppressions. 






E (S/8,r) =0 . 1 • i 



i— 1 ,2,3 ,4 



(2.3) 



The parameters K and e are again assumed to be 1500 and 0.7 
respectively. 
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r/ra - distanca/matcr 




„ . 2 -K £n 0.1*i , , 0 ^ , 

Figure 3 * . ISOLXNE^d r — ^ — ^ cos 0 1 ^ ~ 
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These "egg-sha ped"- functions of iso-probabilities of 
suppression simulate the reaction of human beings looking 
along the main axis 0=0' in a very simple way. The functions 
take into account the visual and accoustical perception 
resulting from any given detonation of a round, where noise 
and light are the major stimuli. 

One could think of other functions wich simulate the 
behavior of an antitank gunner exposed re arrillery rounds 
for instance: 



1 2 

P (S/0 , r) = L* exp [- - r (1 - e cos 9)] 



(2.4) 



Ihis type of function allows the probability of suppression 
E(S/9,r) to be smaller than one at its maximal value and has 
the same general behavior as the function before. As a 
third modification: 



P(S/Q , r) 



exp [- — |r|(l - e cos 9) ] 



(2.5) 



these functions have the disadvantage that they have a 
discontinuity at r=Q. The integration which is necessary in 
the following derivation is more difficult than the chosen 
one. 

However, the crosscut sections of these functions 
are not "egg-shaped" iso- functions but rather simple conic 
sections (ellipses) where the foxhole is located in the 
center of one focus point. 

The paper will continue with the function first 
described in (2. 1) , because of its simplicity and variety 
of applicaticn. 

In order to derive a rate of suppression for the 
model, it is necessary to evaluate now, in a second step. 
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the unconditional probability of suppression P(S) for any 
incoming round, no matter where it will impact around the 
foxhole. This will be performed by matching the conditional 
probability P(S/0,r) with the area-hit-probatility P(A). 

Consequently, to the engagement procedures of the 
artillery, the targets which shall be suppressed by the 
artillery are categorized as small personal targets.' This 
implies that the mean point of impact (MPI) of a given set 
of rounds lies on the target, which means also, that the 
density has its max value at that point. According to the 
U.S. Army Field Manual FM 6-161-1 page 2-2 it can be 
ascertained that the MPI-error is descributed normally with 
its mean at the aim-point. Thus it will be hypothesised that 
in such a case the distribution of incoming rounds is 
bivariate normal with parameters 

”1 = 0 

U2 = 0 (2.6) 

a l = a 2 ~ a 

In order to simplify the model, it is preposed that the 
dispersion of rounds expressed in the standard deviation is 
equal in all directions. With 

p = 0 (2.7) 

no correlation is assumed between horizontal and vertical 
deviation. The normality is also preserved if more than one 
artillery gun is shooting. The essential change which has 
to be made when a whole artillery unit will deliver the 
rounds will be the value of the standard deviation o 
In addition, o is determined by factors like: 

dispersion 

the fact that the location of the target is only 
estimated and an artillery unit delivers rounds in a 
fire area. 
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type of ammunition 



conditions of the weapon systems (precision) 
ballistic properties of the rounds 

distance to target 

caliber 

wind and other weather conditions. 

It follows from the bivariate normal density for artillery 
hits: 

f(x , x ) = — j (2.8) 

1 2 2tt (1-p )o 




and by inserting the previous mentioned assumptions and 
changing to polar coordinates: 

2 2 2 
r = x^ + x 2 

x 1 (2.9) 

cos 0 = — 
r 

that the unconditional probability of suppression P(S) can 
be written in the form: 



P(S) = 

Eecall that an 
expressed : 



0=2tt r =cc 

/ / P(S/9 ,r)* f (r , 0) d0 r dr 

0=0 r=0 



area element in polar coordinates 




( 2 . 10 ) 



can be 



Ihe conditional probaoility of suppression is 

1 2 

P(S/0,r) = exp [- — r (1 - cos 0)] 



( 2 . 11 ) 
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and the density for artillery hits f(r,0) is 



f(r,0) = — exp [- y (y) 2 ] 

a ^ u 



inserting both into the expression anove , we can 
the integration: 



0=2tt r=°° 

P(S) = / 

0=0 r=0 



/ exp[- y r 2 (l - e cos 0) 



2vc 



1 r 2 

exp[- y(y) ]• 



after a change of integration variable; 

2 



Z r=0 " 0 



= z 



d(— ) = dz 



z = » 

X* oo 



we find 



9=2tj- z=» r / 2 i 

P(S) = / / exp - - (1 - e cos 0) + — 

9=0 z=0 L \ K 



2tt a" 



P(S) = 



0=2tt 

f i 

J 2/2 1 

9=0 -2tt a [ — (1 — e cos 0) + — 

a 



* exp 



~ / 2 ^ \ 

- ^ - (1 - e cos a) + — |z 



Z=M-> 



z=C 



d0 



P(S) = 



0=2ir 

0-0 2„a 2 (f-£co S 0 + 

K K 2Ko 2 



d0 



P(S) - ^"T / 



0=2tt 



Ana" 0=0 (l + — + (-e) cos 0 



’d0 



( 2 . 12 ) 



perform 

r 2 

d(-y-) d9 

(2,13) 



(2.14) 



dz d0 

(2.15) 



(2.16) 
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by replacing 



b = 



1 + 



K 




c 



—£ 



(2.17) 



the integral reduces to a known form which can be solved. 



PCS) = -^2 / 



0=2tt 



d0 



4ttc 0=0 



b + c* cos 0 



2 2 

where b > c 



P (S) = — j 



0=ir 



d0 



K 



,, 2 J . b + c* cos 0 - 2 

2iro 0=0 2 tt 0 



2 (b-c) Can y 

arccan 



9 n 



/ 77 1 -/ 77 1 



b -c 



K 2 

P(S) = y * 



2 ™ A 2 -c 2 



f ==> P(S) = 



K 



(2.18) 



, 27722 
2o v b -c 



Inserting back the expressions for b and c, one obtains: 




(2.19) 



After the data analysis in chapter III B. and C. 
where the parameters K, z and o will be determined, it 
will be possible to evaluate the probability of suppression 
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E(S) according to the proceeding formula. 

This probability adequately models those cases where 
temporary suppression is the only possible response to a 
given detonation of a round. It may be useful to expand the 
model by introducing a second paired outcome at any given 
impacting round. Until now, we had one paired outcome: 

The individual was either suppressed 

cr not suppressed. 

In addition to these we consider a second paired outcome: 

The individual is permanently suppressed by being 
wounded or killed 

or not permanently suppressed. 

If we focus the attention on modelling the effects under 
this expansion, it is possible to evaluate a nev probalility 
cf suppression P(S) and a probability of kill P (K) by making 
the following assumptions; 

The conditional probability of kill unlike the 
ccndtional probability of suppression does not 
depend on the aspect angle 9. 

It can be represented by a smooth curve of the 
f ell c wing form: 

P(K/r) = exp (- r 2 ) (2.20) 

where a is a positive constant i.e. H> 0. This function was 
selected on intuitive grounds rather then based on 
real-world data. Taking a vertical cut through the surface 
function above along any angle 9, one obtains the following 
figure. The parameter H is arbitrarily chosen as being 
H=50. Clearly this parameter is a function of different 
factors like terrain and ammunition. 
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r/m = distance/meter 



P(K/r) 




rM $ \ 5 ' ’ ' ' , 

for 0 o “18O° foxhole for 0 O 



Figure -4 



FUNCTION P(K/r) = exp (- r 2 ) 
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If on the other hand P (K/r) is fixed, 0<P(K/r)<1, and the 
equation is solved for r, one will obtain concentric circles 
with iso-levels of probability of kill P (K/r) around the 
foxhole. 

The function has the form: 

r 2 = - H-Jln P(K/r) ' (2.21) 

The following Fig 5 shows the family of functions for 4 
representative selective probabilities cf suppressions. 

P (K/r) =0 . 1 * i i = 1 ,2 ,3,4 (2.22) 

The parameter H is again chosen to be 50. 
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Figure 5 - ISOLINES r 2 = -H-£n P(K/r) 
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The concentricity around the foxhole expresses the 
fact that no matter in which direction the person in the 
hole is looking the kill effect is just determined ty the 
distance. It would be beyond the paper to verify this 
assumption , and it would be extremely difficult to collect 
data for it. The reader must be content for the moment with 
the earlier presented intuitive argument. 

This newly introduced function leads to a revision 
cf the probability of suppression P(S) and the evaluation of 
the unconditional probability of kill, P (K) . The density 
assumed earlier for artillery hits is used again: 



f (9 , r) 




( 2 . 12 ) 



Probability cf suppression P (S) 



but not kill is: 



1 > K< S) 



0 =2tt r=°° 

/ / P (S/0 , r) [ 1 - P(K/r)]*f(0,r) r dr do (2.23) 

0=0 r=0 



Semark: The subscript K at p is used to indicate that this 

K 

suppression probability appears together with tae 
probability cf kill P(K). 

The expression ? (S/9 ,r). ( 1 -P (K/r) ) means that a round 
suppressed but did not kill the individual at (r,©) . 

Probability of kill P(K) 



0 =2 tt r-*-°° 




P(K) = j 


/ P(K/r)-f(0,r) r dr d0 


(2.24) 


0=0 


r=0 





Ihe computation 


for 


ys) and 


P(K) 


runs 


along similar lines 


as in the earlier 


eval 


uation 


of P 


(S) . 


Fcx the specific 


functions we find: 
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1 



(2.25) 



0=2tt r=°° i ? l i 2 2 

P(K) = / / exp(- - r ) • j cxp{- — (~) ] d(y-) dO 



0=0 r=0 



2ttc 



0=2u r=°° 



P..(S) = / / ex Pt~ 7 r 2 (l ~ e cos 0)] [1 - exp (- jr r^)] 

K 0=o r =0 K H 

1 1 r ^ 

-y exp [- y (-) ] d(-y-) d0 



1 2 . 



2na 



2 a ; 



change again the variable of integration 



2 Z; V>' 



t- 

z_ =Q = 0; d(^-) = dz 



P(K) 
P (K) 



- T T^rexpH- <£ + ±)z]d* de 

e=0 z=0 2 ttu L o J 

1 



(a /H) + 1) 



(2.26) 

(2.14) 

(2.27) 

(2.28) 



P K (S> 



H (2 I 

/ / exp -f- (1 - e cos 0) + -y]z 

0=0 2=0 1 a 2 



— y dz d0 
2ttc 



(2.29) 



8=2tt 

- - / 



0=0 



/ ~^y Rx p|"[f (1 - C cos 0) + y + ~y] z | 

z=0 2Tia 1 K H n 2 ) 



dz d0 (2 . 30) 



Recognizing that the first doable integral is exactly the 
same as before we can simplify to 



P K (S) = 



K 



2 a 



1 + 



K 



2 a 



0=2tt 

/ — 

9=0 2 7i cj 



- e 



I 7 



2e , - 

— cos 0+77 



l + JL \ 

H 2 

a ' 



d0 



(2.31) 
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r K (s) = p(s) 



K 

4tt a 



0=2tt 



/ 

e= o 



d0 

fl ■+ + h ) + ( -£ ) COS ® 

'2a ' 



(2.32) 



The 

the 



integration 

computation 



can be done by using 
of PfS) , except that 



the same formula as for 
this time b is: 



b = 







(2.33) 



From this it follows: 




(2.34) 



(2.35) 



After having dsriv 
on the following 
different rates of 
Ey assuai 
artillery is firin 
are located, the 
form. 



ed the desired 


proba 


figure, we 


are 


temporary and 


per ma 


ng a certain 


fire 


g in the area 


where 


different r 


ates w 



oilities as summarized 
able tc evaluate the 
nent suppression, 
rate A f with which the 
the anti-tanh gunners 
ill have the following 



Two-event model 
Rate of 



(u nsup press ed-su ppr ess ed) 
suppression A s = P(S) 



(2.36) 
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Four-event-mcdel (unsuppres 
Rate of suppression 



s ed-sup pres sed-sutvived- killed) 

X s = X f .P k (S) (2.37) 



Rate cf killing X^ = P(K) 



(2.38) 



One important rate oust still be developed; it is 
cf rise from a suppressed state. We model this by 
process methods. 



the rate 
stoc hastic 
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P(s) 



P(K) = 



V S) 



Figure 6 



K 



2a \/l + 



2a - 



- E 



( 2 . 19 ) 




( 2 . 28 ) 




( 2 . 34 ) 



SUMMARY CF THE DERIVED FORMULAS 
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2. Bate Of Rise 



The model so far represents a situation in which 
there are three possible outcomes. When any independent 
round impacts, the person in the foxhole is assumed to be 
either 

suppressed, 

net suppressed, or 

is killed. 

Naturally this is only true if we assume that he is always 
hack up again when the next round impacts. This fact brings 
up the necessity of considering the process along the time 
axis. 

Because of the complexity of a stochastic process 
which reflects the behavior situation cf an individual 
exposed tc arriving artillery rounds, it seems useful to 
start with a very simple process, in which the time of 
suppression by a particular round is considered to be fixed. 
In a next step, this constant response time is randomized 
over the number of people under consideration, i.e. each 
individual has his own random time which however is assumed 
constant for the process itself. 

Finally, the response time of a single person ray be 
considered to be a random variable coming from a certain 
distribution . 

Eoth approaches are simple, and represent a first attempt to 
describe the actual situation in different ways. Certainly 
the suppression time can also be considered as a function of 
both above mentioned processes or of the miss distance r and 
the aspect angle 9, or of a combination of all. But these 
dependencies would rather complicate the mathematical 
derivations and lead beyond this study. 

Both processes consider rounds that arrive in the 
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neighborhood of the foxhole in accordance with a Poisson 
Erocess having a rate . The model consists of two process 
states. One is the "up"-state which means that the person in 
the hole is unsuppressed and able to act according to his 
mission. The other state is termed the "down"-state which 
results from an incomming round and a possible reaction to 
it in the form of suppression. In this state the person is 
not able to fullfill his mission/ he is physically down. 

The first process assumes that the person in the foxhole 
changes froi the "down"-state to the "up J, -state only if he 
recognizes a gap of at least T time units before the 
appearance of the next round. This means that the 
"down"-'State has a duration of exactly time T if no rounds 
arrive in the time interval (0/T). The time T in connection 
with such a process may be called the critical gap. 
[ Gaver, p . 48 1 ]. The following figure shows the basic 
relationship : 
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FIRST CASE : t' > T 



State 0 "up" 
State 1 ,, dovm ,, 

T = critical gap 




S5C0HD CASS : t' ^ T 
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for the time being T is assumed fixed. However it is mere 
reasonable to describe it by a random variable, since tne 
time gap T is determined by factors like learning, 
accustoming to, cr overcoraming of, fear, stress etc. The 
assumption of a fixed T has to be changed in a later step, 
where it will be defined as a random variable. 

Furthermore, the change from the "up"-state to the 
,, down"-state is accomplished by arriving rounds to which the 
person reacts through suppression ( M down"-state) with tne 
earlier computed probability of suppression P (S) . 

Now let x be equal to the total time of 
continually suppressed. It is possible tc define t 
following way: 

1 if no suppressing round arrives in (0,T) 

T t' + x' if the next suppressing round falls 
before T. 



being 
in the 



(2.39) 



In this case the random variable x' is an independent version 
of the random variable x. 

according to this definition it is possible to compute the 
expected value of t which represents the mean time spent in 
the "down"-staT:e, or the mean time of being continually 
suppressed. Ihe symbol used for it will be E[x], 

In order to get the arrival rata cf suppressing 
rounds which contribute to the time of being suppressed, we 
have to multiply the fire rate with the probability of 
suppression, P (S) , which was evaluated in chapter II.B.1. We 
obtain 

A s = X f’ P(S) (2.36) 



First we have to state the following two expectations: 



E[x 1 no round 


in 


T] = T 


E[r | round 


in 


T] = t 



(2. AO) 
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where t' = time of second suppressing round. Removing the 
condition on t' leads to expected time of being suppressed 
under the influence of incomming rounds. 



-X T T -X t' -XT 

E[t ] = T-e 3 + f e s X + E[t]]+B[t] [1 - e 3 ] 

0 3 



( 2 . 41 ) 



E[t] = 



-X T 

T-e S + X 



r -X t 
e s 



n T 



(- t - 1) 



-X T 

+ E[t] (1 - e S ) 



-XT. -XT -XT 

E[t] = T e 3 + j- [1 - (1 + X g T) e S ]+E[T](l-e S ) 



. .-XT 

E[t ] = T + ■ _ x T [1 - (1 + X g T)e 3 ] 



1 X T 

EIt] = -r- (e 3 - 1) 



( 2 . 42 ) 



inserting X g = X^-P(S) we obtain 



E[t] = 



_1 

X f P(S) 



X P(S) 'T 
(e t - 1) 



( 2 . 43 ) 



Extending the idea for a fixed time gap by applying 
it to a group of people separately, we are able to 
reformulate the process in the following way: 

Assume a group of perscns in which each individual sticks to 
a certain but random time gap T when responding to a 
suppressive round, and assume that this random variable T 
based on the group is distributed with a density f p (t) : 



T ~ f p (t) 
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( 2 . 44 ) 



The suoscript P indicates the origin of the 
(people) . We may express t which is defined as 
follows: 

! t if no suppressing round 
arrives in (0,t) or t>t 
where t is the time of the 
first suppressing round. 
t'+ x' if t'<t 

Remark, x' has the same distribution as T . A 
derivation as before leads to the following result. 



E[t I T=C ] 



00 -A t' t -X t' 

t / X e s dt' + / [ t ' + E(t I T= t ] ]X e s dt< ‘ 

t S 0 s 



-X t 
s 

Recall, the expression X g e is the density of 

suppressing rounds. 



-X c t -X t ! i-X t 

E[t I T= t J - te + / t'X e s dt' + E(x |T=cJ (1 - e s ) 

0 S 



, , -X t -X t 

E[i |T=t) = — e s + E[xlT=tJ(l - e S ) 

s s 



Solving for E[ xl T=t], we find: 

i * c 

E[t |T=tJ = ~ (e S - 1) 
s 

or replacing again by = A f *P(s) 



density 
before as 



' ( 2 . 45 ) 



similar 



( 2 . 46 ) 



incoming 



( 2 . 47 ) 



( 2 . 48 ) 
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E|tlT ' tl "xplsy (e 



x f P(s)t 



" 1 ) 



(2.49) 



So far this value represents the expected duration spent in 
the "down state" given a particular time gap t for a certain 
individual. Clearly the conditional expectation has the 
same form as the unconditional expectation E[x] (see formula 
(2.43)) for a fixed time gap T. 

Removing the condition in equation (2. 49) we find 
the expected duration time of suppression based on the 
considered population. 



E[t ] = / E[t I T= t ] • f (t)dt 
0 



(2.50) 






(2.51) 



Eft] = 



X f P(S) j, 



x f p(s)t . 

e f p (t)dt - x (s) 



(2.52) 



For an evaluation of this expectation, the density f (t) has 

P 

to be known. 



A further 


variation of 


this 


process 


leads to the 


second approach. 


Here the 


time 


gap T 


for 


a certain 


individual varies 


randomly 


according to 


a 


pa rticular 


distribution. Th 


is approach 


is limited to 


one 


individual. 


and will not te ex 


tended to a 


group. 
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Suppose an individual reacts with a random time gap t 
T ~ t^ 1 = 1 r 2 ,3, . • • 

cn any incoming suppressing round i, and assume that this 
random variable T is distributed with 

T~f x (t) ' (2.53) 

Ihe subscript T indicates the origin cf the density (time). 
The duration t is defined as in formula (2.45) before. The 
conditional expectation can be written as: 

-X t t -X t’ 

E[t|t =t] = te S + / ( t * + E(t ] ) X e s dt’ (2.54) 

0 s 

This time x is conditioned on the individual's first chosen 
time gap 1. 

' -X t -X t 

E[x |T 1 =t] = f- (1 - e s ) + E(t ] (1- e s ) (2.55) 



Eamoving the condition in equation (2.55) we can express the 
expected duration time of suppression based on the 
individual's time gap distribution. 



E[t ] = / E(x |T =t]-f_(t)dt 
0 1 



(2.56) 



E(t] = / 
0 



. -X t -X t 

“ (1 - e S ) + E[t]( 1 - e S ) 



f T (t)dt (2.57) 
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( 2 . 36 ) 



Solving toe the expected value E[ t ] and inserting 
X s . A t -P(S> 

we find: 



E[t] 



- -X f P(S)t 

/ (1 - e r ) f T (t)dt 

o 



r ~ -X f P(S)t 

X £ P(S) |^1 - / (1 - e ) f T (t)dt 



( 2 . 58 ) 



cr expressing in Laplace transform with s as an argument: 



E[t] 



_ 1 

x f p'(s) 



1 

f(s) 



1 



( 2 . 59 ) 



A further evaluation of this value requires the distribution 

yt) of i. 

comparing both expectations. 

Expected duration time of suppression based cn the 
population 



E[x] 



1 

X f P(S) 



« X f P(S)t 

/ e f p (t)dt - 1 

0 e 



( 2 . 52 ) 



and expected duration time of suppression based on 
the individual's time gap distribution 



E[x] 



1 

X. f P(S) 



1 

f(s) 



1 



( 2 . 59 ) 
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lie observe that they are different. However if we suppose 

that both distributions f (t) and f(t) are concentrated at 

P T 

T = z (delta function) it is possible to reduce both 
expressions to the very first derivation (2.48) where the 
the time gap 1 was fixed. 

The reciprocals of these e xpectations approximate the rate 
at which the foxhole occupant (e. g. member of a group of 
antitank gunners ' returns from the suppressed state into the 
unsuppressed state) returns back to continue his mission. 



where E[ x ] represents any of the derived expectations. 
In summary the three rate coefficients developed are: 



If killing as an additional event is considered, the rate of 
rise is computed with the same formula (2.60) except that 
this time P K (S) is used instead of ?(S) . 

C. SUPPRESSION MODEL 

The model which will be developed in this section can be 
set schematically in the following framework: 




( 2 . 60 ) 



A k = A f *P(K) 



(2.38) 




(2.37) 



( 2 . 60 ) 
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ANTI TANK MOVING ARTILLERY 

GUNNERS TAi'IK UNIT 



figure 8 - SCHEMATIC REPRESENTATION OF THE SITUATION TO BE 

MODELED 
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This analysis is restricted to the effects cn the anti-tank 
gunners... in this case the X-forces. It is behavior of 
members of the X-force that was modeled previcisly. 

The approach to formulate the situation cf the anti-tank 
gunners is done by using the ideas of Lanchester-type 
eguations and their further development [ Tayler , 1 978 , p . 20 ]. 

The differential eguations representing the model are 
all deterministic in the sense that each of them will always 
yield the same output for a given set of input data. Even 
though combat between military forces is a complex random 
process. These equations shed light on combat dynamics and 
may ds useful in defense planning studies. 

Ihe basic idea is that artillery forces use "area"-fire 
tc suppress or eliminate forces like anti-tank gunners. 
"Area" in this context means the fact that 

the artillery unit "knows" the area in which to 
shoot, but does not know the location of each 
anti-tank gunner, 

the anti-tank gunners are "invisible" to the 
artillery unit. 

If we further assume homogeneous forces of X, it is possible 
to set up differential eguations which model the rate of 
change of the X-forces; 



dX (c) 

-t? = -x X (t) - A, X (c) + A X (t) 

dt s a k a us 



(2.61) 



dX (t) 

—2 = A X (t) - A X (t) 

at. s a u s 



(2.62) 



Semark; Clearly A here is taken from the 4 -event-model . The 

s 
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variables Xj;t) and X s (t) are respectively the number of the 
X-forces which are either active in the foxhole (able to use 
guns and anti-tank-weapons), ^(t) , or suppressed , X s (t). 

In this simplified structure, the two equations describe 
the most essential factors of the assumed situation. They 
are mathematically approximate , because the solution of the 
two differential equations will furnish the number of 
gunners active on the battlefield and the number of gunners 
supppressed at any point in time. The ^ derivation uses the 
Laplace transformation: 




sx(s) - X(0) 



{ X(t)} = x(s) 



(2.63) 



vie perform Laplace transfor cnaticn 


upon (2.61) and (2.62) 




sx (s) - X (0) 
a a 


" - <X s + V X a (s) 


+ X x (s) 
u s 


(2.64) 


sx (s) - X (0) 
s s 


- Va (s) ' Vs (s> 




(2.65) 


Solving these 


two equations 


for X (t) and X (t) 
a s 


and 


translating them 


mack to X ( t) and 
a 


X^t) gives the desired 



time dependent quantities: 



-X a (0) = - 0's + \ + s) x a (s) + X u X s (s) 



-X (0) = X x (s) - (X + s) x (s) (2.67) 

s s a u s 

-X a (0)[X u + s] = -(X s + X K + s)(X + s) x a (s) + X u (X u + s) x g (s) 

-X s (0) X u = X s X u X a ( S ) - (X u + s)X u x s (sV 



-X (0) (X + s) - X (0)X 

a u s u 



X X x (s) - 
s u a 



(X + X. + s) (X 
s k u 



+ s) x (s) 
a 



X (s) 
a 



X (0) X + X (0) X + sX (0) 
a u s u a 

ft s +X k +s)tt u +s)- X s X u 



( 2 . 68 ) 



51 



multiplying (2. 66) and (2.67 ) 

(X + X, + s) respectively we receive: 

S K 

X ( 0 )X + X ( 0 )(X + X. ) + sX ( 0 ) 

, v __a s s s k s 

s s ' “ (X + X, + s)(X + s) - X X 
s k u s u 



with X g and 



(2.69) 



Suppose that at t=0 the number of active gunners (able to 
watch and shoot) is equal to X Q and the number of gunners 
being suppressed (down in the foxhole) is equal to 0, 
for i.e. t=0 
X (0) = x n 

a 0 (2.70) 

X (0) = 0 
s 

the equations for X (s) and X,(s) can be rewritten: 

3 b 



*a (s) = “2 



x n x 

0 u 



x o s 



(2.71) 



s + s(X + X, + X ) + X, X s + s(X + X, + X ) + X, X 
sku ku sku ku 



x s (s) = — 



X_X 
0 s 



s + s(X + X. + X ) + X. X 
s k u k u 



(2.72) 



Using the Laplace correspondence: 



£ 



at bt 
e - e 



a - b 2 

' s + (-a-b)s + ab 



for a i b 



A 



at , bt ) 
ae - be ( 

a - b ( ” 2 

t « 



s + (-a-b)s + ab 



(2.73) 



for a 3* b 
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where 



a • b = a. X 
k u 



and -a - b = A + A. + A 
s k u 



(2.74) 



hence a = h-(X + A. + A ) ] + v (A + A, + A. ) 2 - 4 a, A 
2 s k u s k u k 



and 



b = h-a + A, + A ) ] - v (A + A. + A ) 2 - 4 a, A. 
2sku sku ku 



(2.75) 



Ihe equation for X (t) and X (t) then are: 

a s 



X (t) = Q -. - [(A + a)e at - (A +b)e bt ] 

a a - d u u 



(2.76) 



X (t) = — \ A [e at - e bt ] 
s a - b s 



(2.77) 



Since X , A^ and X^ have tc be always greater or equal to 



zero 



A > 0 

s — 



A, > 0 
k — 



(2.78) 



A >0 
u — 

The constants a and b are always negative and real numbers, 
a £ 0 
b £ 0 

This leads to the basic shape of the function 



(2.79) 



X (t) = f(t) 
a 



X (t) = f(t) 
s 



(2.80) 



shown in the following figure. 
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Figure 9 - FUNCTIONS X (t) AND X (t) 

& 3 
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In discussing the functions X (t) and X(t) the following 

a a 

properties can be seen, 
for t = 0 

V°> * + a) ° a ' 0 - <>„ + b > eb '°J ' x o (2 ' 81) 

x (0) = — \ \ [e a * 0 - e b * 0 ] = 0 (2.82) 

s a - b s 

for t = 00 

X 

X (eo) = lira ™t“ [Q + a>e at - (X„ + b)-e bt ] = 0 (2.83) 

a a - b u ■ u 

t ->■ oo 

X 

X («) = lira x [e at - e bt ] = 0 (2.84) 

s a - b s 

tor t =t (i.e.max values for X (t) and X (t) } 
max a s 

X (t) has no max in 
a 

V c) - x 0 

X (t) has a max at 
s 

t 

max 

X (t ) 
s max 



The foregoing model assumed a rate of killing in addition to 
a suppression rate and a rising rate. It is possible to 
simplify this model by leaving out the third rate. It will 
be shown in chapter III. C., that this rate 

A k = A *P(K) (2.38) 



(0,®°), i.e. max value is at t = 0 

(2.85) 



with 



( 2 . 86 ) 



in (n/b) 
b - a 

X_ at b t 

0- X [ e max - e maX ] < X. (2.87) 

a - b s 0 
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for such a scenario may be very small in comparison to the 
other two rates. 

For this reason we can state that leaving cut the 
killing rate will not drastically oversimplify the model, 
yet it will simplify the computational procedure in 

obtaining the wanted dependency between time and the number 
of gunners active or suppressed on the field. 

This leads to the following set-up of differential 
eguations : 



dX (t) 
a 

dt 



= -X X (t) + X X (t) 
s a us 



( 2 . 88 ) 



dX (t) 
s 

dt 



X X (t) - X X (t) 
s a us 



(2.89) 



where the total sum of people either suppressed or active on 

the battle field is equal to a constant X (no killing) 

o 

i.e. X =X (t)+X (t) 
o a s 



which enables us to rewrite the equations: 



dX (t) 

— f— = -X X (t) + X (X. - X (t)) 
dt s a u 0 a 



(2.90) 



dX (t) 

— = X (X_ - X (t)) - X X (t) 
dt s 0 s us 



(2.91) 



Using again Laplace transformation as earlier; 

X X 

sX (s) - X_(0) = -X X (s) + -2-2- - a X (s) 
a U s a s a a 

X X 

sX (s) - X (0) = - X X(s) - X X (s) 

s s s s s us 



(2.92) 

(2.93) 
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XX X (0) 

/ n uJJ a 

a b s [ s + (X + X )] s + (X + X ) 



s u 



s u 



, . X _/o + X ,< 0) 

s S ' sis + (A + A )] 8 + (X + X ) 

s u s u 



using the Laplace transform: 






s(s 4- a) 



£ 



f —at-> 1 

ie j = 



s + a 



(2.94) 



for both aquations we find X (t) and X (t) fee the simplified 

a s 

model . 

The rate X s has to be derived tnis time from the 
probability cf suppression P (S) without Killing included as 
a possible event. We recall; 



P(S) = 



K 



, (2.19) X = A • P(S) (2.36) 

s f 



2tT0 1 + 



- e 



2a 



Hence 

X a (t) * X u X 0 1 l X U ‘ 6Xp[ - (X s + X u )C]) + X a (0) exp h(X s + V C 1 
S U (2.93) 



X (t) = A X n - — ~- 

s s 0 X + X 

s u 

for t = 0 



(1 - exp[-(\ s + A u )t]) + X (0) exp[-(A o + X M )t] 



X (0) = X n> X (0) = 0 

a 0 s 

Ibe eguaticn for X (t) and X (t) then are: 

a s 



s u 

(2.96) 

(2.97) 



X (t) = - — -9-r l 

a X + X us 

s u 

X 



[X t + X^*exp[-(X 4- X ) t ] ] 
s u 



x 3 (t) ■ x o r-TT 



S U 



(1 - exp[-(A s + A u )tJ) 



(2.98) 



(2.99) 
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Bemark: For t 00 the sua of both assymptotic values of 

X(t) and X ( t ) is equal to X . 
a s 0 

The basic shape of these two functions X(t) and X (t) can be 

a s 

seen in the following Fig 10. 

If we compare this result to the result on figure 9 we 
can see that the addition of killing to the model has an 
influence on the shape of the functions. So is e. g. the 
value for X < t ) and X (t ) in the first model (figure 9) for 

3 S 

large times approximately zero, while in this case here 

(figure 10) , the total number of people on the field (X(t) + 

X (t) ) is always constant, i. e. both functions approaches to 
s 

a limit value not equal to zero. 
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Figure 10 - FUNCTIONS X (t) AND X (t) 

S 3 
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Ill 



• FITTING EXPERIMENTAL DATA DESCRIBING SUPPRESSION 



A. EXPERIMENTAL DESIGN 



1 • General As pe cts 



The mathematical model developed in the chapter before 
shall now be supported by an experiment which was conducted 
by the US Army Combat Developments Experimentation Command 
(CDEC) , Fort Ord, California. 

The experiment described here belongs to a series of 
similar experiments, all dealing with the objective of 
collecting and analyzing data of the suppression process. 
The data of this particular part of the CDEC experiment were 
based on the relationship between suppression and distance. 
Ihis analysis tries to make use of the data by analyzing the 
relationship among suppression, distance, and angle. In a 
further experiment conducted by CDEC, the objective was also 
to include the angle as an additional variable for the 
suppressicn effect. 



2. Setup And R ea lisation 

The data were taken from a part 
executed at Fcrt Hunter Liggett, 
Four foxhole-bunkers 
guaranteed the safety of the 
the real scenario as close as 
below ground level, and covere 
mesh and steel plates. This p 
from fragmentation. Each bunk 
system which allowed the player 



of the experiment which was 
Calif or nia . 

were constructed which 
players as well as reproduced 
possible. Their tops were 
d with several layers of wire 
rovided overhead protection 
er was equipped with a mirror 
to view events in front of 
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his position. 

A pop-up silhouette was installed forward of each 
player position. The player was able tc control the 
silhouette as well as the cover of the mirror system, i.e. 
when the cover was opened (allowing the player to view 
down-range) , the silhouette was in exposed posture. He was 
asked to respond as if he would be in the position of the 
pop-up silhouette. 

Each bunker was connected to controll bunkers by 
communica tion and instrumentation wires and power bunkers 
for data recording and supply. In the fcrefield of the 
bunkers, different types of projectiles or equivalent 
charges (31 mm, 105 mm, and 155 mm among others) were placed 
and randomly detonated one at a time with the time between 
detonations randomly selected from three possibilities of 
ten, fifteen, and twenty seconds. The figure on the next 
page shows the s chematic setup of the rounds, the location 
of the bunkers and the angle of sight for each foxhole. It 
can be seen that the explosions were visible to some players 
but not to others. Since each type of ammunition .has a 
different lethal radius, it was necessary to have different 
range configurations for each type. The aspect angle and 
the miss distances from the foxholes to the different points 
of detonation are summarized in appendix A for each 
ammunition separately. Since all of the projectiles used in 
this part of the experiment were statically detonated, it 
was not possible to model the kinetic contribution to the 
terminal effects. In order to keep the fragmentation pattern 
as close as possible to those of incoming rounds, the 
projectiles were supported with sandbags [ 5 uppex, p. A- 1 2 ] . 
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Figure 'll - SCHEMATIC RANGE FOR 8'I/105/'I55 mm 
SUPPRESSION EXPERIMENT (SUPPSX II) 
CDEC 
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The players were divided into two four-man teams. 
For each trial, members of one team occupied individual 
foxholes and provided the performance data for that trial. 
The mission of the players was to track moving target tanks 
by operating the periscopes. This mission was interrupted by 
the players responses to detonations in case he was 
suppressed (change of his state to "down") . The state 
change and the pericd of suppression were automatically 
recorded . 

3. Presentation Of The Data 

Appendix A summarizes the data which are the basis for the 
succeeding data analysis and serve tc evaluate the 
parameters and rates for the model. 



E. DATA ANALYSIS 

1 • Parameters Of The Mod el 

The data presented in the section above are separated into 
three different sets: 

Set one consists of data related to the conditional 
frequency of suppression P(S/9,r) and the time of 
suppression when rounds of caliber 81 mm were fired. 
Specifically, if n trials were made under conditions 
(r,9), the number s i cf suppression was tabulated. 
Then s./n is an estimate of P (S/r^, 9J. 

Sets two and three provide the same data except that 
they are related to 105 mmm rounds and 155 mm 
rounds . 

The main part of this analysis is to make use of the data in 
order to estimate the parameters of the model described in 
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chapter II, and to see how well the real world situation can 
fce described by the model developed earlier. 

The model is fitted (numerical values of the 
parameters are determined) by the method of least squares. 
[De Groot, p.527-538]. With the basic model being of the 
form: 

Y i = 6 l u i + e 2 v i + Err i (3 ‘ 1) 



And the data are analyzed on the following two different 
assumptions; the second is certainly the most realistic: 

Homoscedas tici ty of the data, i. e. the error 
variance of Err is assumed to be constant. 

Heteroscedasticity of the data, i. e. we will assume 
that each error term Err is distributed with 
variance a 2 , where the variance is not constant over 
observations. Errors are also assumed to be 
independent. If convenient, error terms will be 
assured to be approximately normally distributed. 

These assumptions imply different regression 
methods. For the first assumption, the result of unweighted 
single step and iterative regression methods will be 
presented. On the assumption of he teroscedasticity , two 
special iterative methods will be used. When we allcw for 
heteroscedasticity , ordinary least-squares estimation places 
the same weight on the observations which have small error 
variances as on those with large error variances. By 
applying a weighting regression, it is possible to adjust 
for the heteroscedasticity. So the two announced methods for 
the second assumption are iteratively weighted least squares 
regression methods. 
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